In almost all the literatures, the qualitative assessment of transient angle stability extracts the angle information of generators based on the swing curve. As the angle (or angle difference) of concern and the threshold value rely strongly on the engineering experience, the validity and robust of these criterions are weak. Based on the stability mechanism from the extended equal area criterion (EEAC) theory and combining with abundant simulations of real system, this paper analyzes the criterions in most literatures and finds that the results could be too conservative or too optimistic. It is concluded that misjudgment would be taken if an angle (or angle difference) of concern departing from the concept of the controlling mode or a constant threshold value is used in the criterion.
INTRODUCTION
The interconnected power grid develops greatly on cover area, voltage level, transmission capacity and the like. It brings a lot of economic benefit, however it also increases the accident probability of power system. This serious situation requires higher security and better stability of power system, therefore it becomes an emphasis and difficulty in the research of power system security.
Transient angle stability criterion is the basis to qualitatively analyze the stability of dynamic simulation curves. It is one of the key points for the mechanism research of power system security, and an important foundation for the planning and operation optimization algorithm. In many fields such as available transfer capability (ATC) [1] and optimal power flow (OPF) [2] , the qualitative criterions are normally shown in the form of inequality to represent transient angle stability constraint.
In almost all the literatures, the angle (or angle difference) of concern in the qualitative criterions are defined as the maximal angle difference between any two generators [3] or the maximal angle difference between any generator and the center of inertia (COI) [1, 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, in some literatures, the multimachine system is transformed into several equivalent or specific generators, and then the above two methods are used to set the angle (or angle difference) of concern [16, 17] . Since all these methods are not based on the transient stability mechanism to obtain the angle (or angle difference) of concern, they cannot reflect the transient stability behaviors of the system. Moreover, in almost all the literatures, the angle threshold value is experimentally set as a large enough constant which is unrelated to the topological structure, parameter, operating condition or fault scenario of power system. Therefore, some transient unstable cases may be misjudged as stable due to the short observation period, and some transient stable cases may be misjudged as unstable due to a threshold value which is not robust.
EEAC theory utilizes the complementary-cluster center-of-inertia relative-motion (CCCOI-RM) transformation, which is a full rank linear transformation, to map the complete disturbed trajectories into a series of equivalent (variable parameter) trajectories of one-machine-infinity-bus (OMIB) systems, so that the complete stability information of the original multi-machine system can be reserved [18] . On the image trajectory, EEAC points out that it is judged as unstable if there exists the dynamic saddle point (DSP) on the power-angle ( P   ) curve of the time-varying image system, or stable if there exists the far end point (FEP). DSP and FEP will be coincident on the critical trajectory. Finally, we can obtain the necessary and sufficient condition and critical parameters of the image system by sensitivity technology [19] .
Among all the image systems, the one with the most rigorous critical parameter is defined as the critical mode. Thus identifying the critical mode is an iterative process. The concerned angle (or angle difference) and the angle threshold value have to be automatically searched according to the specific case. It has been theoretically proved that EEAC which strictly reflects the necessary and sufficient condition of stability has a clear physical significance [20] . This paper compares the qualitative criterions of transient angle stability with that of EEAC and other researches. The simulations of real systems show that even in the same system and same operation condition, the critical angle threshold value of different case could be different. It means that the stability, even the qualitative result, cannot be guaranteed if the angle threshold value is set as a constant. In conclusion, it will cause a serious consequence if a constant threshold value or an angle (or angle difference) of concern departing from the concept of the controlling mode is used in the criterion.
REVIEW OF THE QUALITATIVE CRITERION OF TRANSIENT ANGLE STABILITY

Qualitative Criterions in Most Literatures
The transient stability constraints have been explained in most literatures by the qualitative criterions in the following two forms:
1. In the transient process, with the criterion that the angle difference between any two generators does not exceed a certain limit, the transient stability constraint is: 2. In the transient process, with the criterion that the angle difference between any generator and the COI does not exceed a certain limit, the transient stability constraint is:
where COI  is the angle of the COI. Donate i M as the moment of inertia of the generator i ,
However, the two forms above rely strongly on the swing curves of partial generators [3] , namely the complete information of all the generators is not fully considered, and it is divorced from the concept of the controlling mode. Therefore the two forms of criterions above cannot be necessary or sufficient to reflect the stability of the original system.
In addition, some other literatures propose a "pregrouping offline, online dynamic correction" method [16, 17] : Firstly, the whole generators are divided into several sub-clusters during the observation period. In this process, it has to be ensured that in each subcluster, the maximal of angle difference between any two generators does not exceed a preset limit. Secondly, the generator with the most stable swing curve is selected as the center generator of its subcluster, namely each sub-cluster is represented by one generator. Thirdly, the two methods mentioned hereinbefore are applied to the center generators to sentence the stability. If the angle (or angle difference) of concern exceeds the limit, the system is sentenced to be unstable. Meanwhile, in order to prevent an unexpected situation where a generator separates from its sub-cluster, all generators within a cluster will be compared with the center generator. And if the deviation exceeds the preset limit, this generator will be processed as a new sub-cluster to participate the comparison in the next moment.
However, this method does not fully consider the complete information of the system and does not follow the concept of the controlling mode. Moreover its way of selecting the center generator of each subcluster has already lost some information of the system. Therefore, it cannot reflect the necessary or sufficient conditions.
On the other hand, the angle threshold value in the literatures is mostly set as a constant, which is based on the engineering experience. For example, for Criterion 1 mentioned above, the angle threshold value is mostly set as 100 degrees and in some other literatures set as 120 or 150 degrees. For Criterion 2, the angle threshold value is mostly set as 360 degrees. Besides, the observation period is always set as 1 second or 2 seconds, which is also based on the engineering experience and system performance.
Theoretically, only if the observation period and the angle threshold value are both infinite, we can correctly judge the stability of the swing curve by observing whether it is divergent. However, the observation period is set as 1s or 2s, the system is likely to be sentenced as stable in the case where the swing curve has not even been divergent yet during the observation period. Also, a stable case where the angle difference is too great is likely to be sentenced as unstable. In addition, short observation period could cover up some special phenomena such as resynchronization.
The Qualitative Criterion and Quantitative
Indicator of EEAC Method EEAC theory disassembles the transient assessment of power system into two sub-tasks: obtaining the disturbed trajectory in n R and analyzing the image trajectory in 1 R . The former sub-task is used to ensure the model applicability and the accuracy, and the latter one is used to quantitative analyze the system and search for the stability limit. Meanwhile, the CCCOI-RM transforms is used to ensure the feasibility of the process above.
After obtaining the actual disturbed trajectory of the system through numerical integration, substituting m () The minimal stability margin of all the swings is defined as the stability margin of the trajectory under the division manner. Furthermore, the minimal stability margin of all the division manners is defined as the stability margin of the original high-dimension system [19] .
EEAC theory gives the necessary and sufficient conditions of the stability of multi-machine system. It provides a quantitative result and clearly reflects the mechanism of transient stability which finds and explains many complex phenomena such as the negative control effects and the isolated stability domain (ISD).
Comparison
The qualitative criterion of transient angle stability in most literatures is based on the swing curves, whereas EEAC theory is based on the power-angle curves. The swing curves cannot reflect the physical mechanism of the stability of multi-machine system. On the contrary, since the concept of energy is involved through the angle and the power, the power-angle curves has the ability to reflect the mechanism. Therefore, EEAC not only points out a strict qualitative criterion, but also has the ability to analyze the stability quantitatively.
SIMULATIONS AND ANALYSIS
The simulation systems are based on the Shandong Power Grid and the China Southern Power Grid. Through simulations on the various systems under different fault scenarios (fault location or clearing time), we analyze the maximal angle difference (as an example, the maximal angle difference between any two generators) of each case under the critical stable circumstance. Finally, a constant is set as the threshold value to qualitatively analyze the stability, and the result is compared with the integrating EEAC (IEEAC).
Real Cases of Shandong Power Grid
This system is based on the data from the Shandong Power Grid in 2004. We simulate all the 52 cases under three-phase permanent short-circuit fault on 500kV lines and record the maximal angle difference between any two generators under the critical stable circumstance.
Making these maximal angle differences into a histogram, the interval of which is 5 degrees and the vertical axis of which is the amount of cases in the relevant interval, we obtain the Fig. 1 below.
Fig. 1:
The distribution of maximal angle differences of Shandong Power Grid
It comes from Fig. 1 that the 52 angle differences range from 135 degrees to 288 degrees and they distribute dispersedly without a trend of concentration.
Real cases of China Southern Power Grid
This system is based on the data from the China Southern Power Grid in 2011. We simulate all the 429 cases under three-phase permanent short-circuit fault on 500kV lines and record the maximal angle difference between any two generators in the critical stable circumstance.
Fig. 2:
The distribution of maximal angle differences of China Southern Power Grid
Making these maximal angle differences into a histogram, the interval of which is 5 degrees and the vertical axis of which is the amount of cases in the relevant interval, we obtain the Fig. 2 below. Fig. 2 shows that the 429 angle differences range from 114 degrees to 288 degrees and they do not present a trend of concentration.
Analysis and Inference
Although the simulation systems are based on the real systems under the common conditions and the common fault scenarios, we can find that the maximal angle differences range widely. Therefore, if the angle threshold value is set as a constant, then it is inevitable that quite a few cases will be misjudged. For example, for the 52 simulation results of the Shandong Power Grid, the minimum value of the maximal angle differences is 135 degrees (case 14, Fig. 3 ) and the maximum value is 288 degrees (case 25, Fig.4 ). If the angle threshold value is set as a constant less than 135 degrees, then all the cases will be misjudged as unstable; If the threshold value is set as a constant belongs to [135, 288] , then part of the cases will be misjudged as unstable. Obviously, the analyses do not conform to the fact. In addition, the criterions in the literatures do not have the conditions to terminate the integration in advance.
The only way to decrease the possibility of misjudgments is that setting a large enough angle threshold value and a long enough observation period. The fixed observation period set by engineering experience cannot guarantee the necessary or sufficient condition and cannot decrease computational burden. However, the qualitative criterion in EEAC theory uses the disturbed trajectory reaching the DSP as a sufficient and necessary condition. Once the trajectory reaches the DSP, the integration can be terminated. In conclusion the EEAC avoids a mess of useless computation and ensues the necessary and sufficient of the stability analysis.
CONCLUSIONS
Transient stability qualitative criterion has a wide range of application. This paper analyzes the ways of setting angle (or angle difference) of concern and angle threshold value based on the mechanism of transient stability, and it is concluded that these methods have some limitations. Furthermore, through abundant simulations based on the real systems, it is verified that the angle threshold value cannot be a constant, otherwise the result may be too conservative or too aggressive. These problems should be paid attention to by the researchers.
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